examined for Gla (3-6). Bone was found to contain small Gla-rich protein. The vitamin K-dependent calcium-binding protein of bone, which is found in the extracellular bone matrix, has about 50-residues of amino acids. It contains 3 residues of Gla, and has been termed as bone Gla-containing protein (BGP) (7-10). BGP is one of the most abundant non-collagenous bone proteins, accounting for over 20% of the proteins in EDTA extracts of bone (11). Moreover, recent development of radioimmunoassay for BGP showed the presence of BGP in serum (12-14). However, the physiological role of BGP remains unclear. It is reported that the appearance of Gla during de novo differentiation and development of endochondral bone has been correlated with the onset of minerali zation (15). Moreover, Price et al. reported that the BGP level in rat limb bone increased dramatically after birth to approximately 65% of the adult BGP level at 24days of age, and also serum levels of BGP increased significantly after birth to 14 day olds up to 5-fold (12, 16). But, serum BGP level of adult rat was lower than that of young one. These observations suggest that BGP is thought to be of importance in bone calcification or regulation of calcium between bone and blood. However, these studies are mainly focused on the early developmental stages. For the real understanding of the role of BGP, the study covering up to the aged period will be required.
Therefore, the changes of BGP levels in bone and serum were studied in relation to the changes in calcium metabolism, such as intestinal calcium transport, serum calcium and phosphorus levels, serum alkaline phosphatase activity, bone density and bone ash content, during aging from 2weeks old to aged (over 1year old) female rats. Furthermore, the effect of castration on calcium metabolism and BGP levels in bone and serum were observed in female rats in which endocrinologi cal change during aging occurred, especially in ovary hormones such as estrogen.
Results of the relationship between calcium metabolism and BGP levels in bone and serum were discussed for the physiological role of BGP. BGP content in serum was about 460ng/ml at 2 weeks and it decreased to about 50ng/ml at 22 weeks which was only 10% of serum BGP content at 2 weeks, and then further decreased slowly to about 30ng/ml at 64 weeks (Fig. 2) . There was a significant correlation between serum BGP content and bone origin serum alkaline phosphatase activity, (r=0.89, n=48, p<0.001).
2) Effect of castration on the changes in the levels of BGP in bone and serum of female rats On female aging, one of the most changeable endocrinological factors is estrogen, which is thought to be involved in calcium metabolism. Therefore, the effect of castration on calcium metabolism and serum and bone BGP contents were observed in young and aged female rats. Young (10 weeks old) and aged (40 weeks old) female rats were either castrated or sham operated. Calcium transport in ovariectomized young and aged rat was significantly lower than respective sham operated ones (Fig. 3) . Serum phosphorus level was significantly increased by castration. However, serum calcium level and bone origin serum alkaline phos phatase activity in young and aged rats were not influenced by castration (Table 3) .
On the other hand, no change was observed in bone density and bone ash content by castration except 24 weeks after the operation in aged rat, which showed slight decrease of bone density compared to sham operated ones (Table 4) . Furthermore, no significant change was observed in bone BGP content by castration in young and aged rats. However, serum BGP content was significantly increased by castration at 24 weeks after operation in young and aged rats (Fig. 4) . Serum BGP content of aged rat was 2.2 times higher than that of sham operated one at 24 weeks after operation.
DISCUSSION
The effect of aging and castration on calcium metabolism and serum and bone BGP contents in female rats were observed in this study.
In good agreement with previous reports (24-26), active intestinal calcium transport, serum phosphorus level and serum alkaline phosphatase activity were high in rapidly growing animals and then , decreased gradually with aging. On the other hand, bone density and bone ash content were increased in rapidly growing animal from 4 to 22 weeks old and thereafter did not change significantly. The high level of serum alkaline phosphatase activity in growing rats was dependent on the increase of bone origin serum alkaline phosphatase activity which was thought to indicate osteoblastic activity (27). The high level of serum phosphorus in young rats would be due to high level of bone origin serum alkaline phosphatase. Moreover, it is of importance to notice that the changes in serum BGP content showed a good correlation with the changes of bone origin serum alkaline phosphatase activity during aging. These results indicate that serum BGP levels are high when the bone formation is active and calcium movement between bone and blood is also active in the growing rats up to 22 weeks old. BGP is thought to be synthesized in osteoblasts and secreted into the extracellular matrix of bone and/or blood (28). Price and Baukol (29) reported that osteoblastic phenotype osteosarcoma cell line secretes BGP into culture medium and this BGP secretion is stimulated by the addition of 1, 25-dihydroxyvitamin D3 (1, 25-(OH)2-D3) into the culture medium. Serum 1, 25 (OH)2-D3 level is reported to be high in young animals and then decreased with aging (30). The high level of serum BGP in young rats could be ascribed to the high level of serum 1, 25-(OH)2-D3 and bone origin serum alkaline phosphatase activity indicative to osteoblastic activity. Somehow, BGP in serum could play an important role in bone formation and/or the movement of calcium between bone and blood in young rats.
The increases in bone BGP content during aging were correlated to those in bone density and bone ash content. In an earlier investigation (15), the timed appearance of Gla in developing chick bone was shown to correlate with the appearance of bone mineral and Gla content in the bone increased dramatically until hatching. In another investigation (16), the level of BGP in rat bone rises rapidly after birth. This increase parallels the transition from the amorphous calcium phosphate phase of fetal bone to the hydroxyapatite mineral of adult bone. It is reported that BGP binds strongly to hydroxyapatite in an association which requires Gla, and has led to the suggestion that BGP is directed to bone by its affinity for hydroxyapatite (31). The present study agrees with these results.
On the other hand, active calcium transport in intestine was very low in aged rat (after 34 weeks old). Despite the decrease of active calcium transport, serum calcium level did not show a significant change in aged rats. These results suggest that calcium must be mobilized from bone to maintain serum calcium level. How ever, bone density and ash content did not show a significant change in aged rat from 34 to 64 weeks old. It is likely that as the rats were raised on the diet con taining adequate calcium, the decrease of active transport of calcium in intestine will be compensated by the diffusional process to maintain normal calcium level in blood.
Because of the decreased active transport of calcium in intestine in female castrated rat, calcium absorption might mainly depend on diffusional processes, but it might not be enough to meet the requirement of calcium in female castrated rats, and it would be possible to mobilize more calcium from bone in castrated female rats than age matched control to maintain serum calcium homeostasis. This possibility is supported by the evidence that bone density in castrated aged rat 24 weeks after operation decreased significantly. Moreover, bone origin alkaline phosphatase activity was stimulated in castrated rat, thus, the increase in serum BGP content could be ascribed to the result of calcium mobilization to maintain calcium homeostasis.
Another possibility of the increase in serum BGP after castration is that the change of serum BGP clearance by kidney occurs in castrated female rats. In spite of no stimulation of bone origin serum alkaline phosphatase activity, serum phos phorus level increased in castrated female rats. Therefore, serum phosphorus clear ance by kidney could be impaired by castration. It is reported that plasma levels of BGP are, in fact, elevated dramatically in patients with renal osteodystrophy (32). Another investigation shows that nephrectomized rats have high elevations of plasma BGP levels (14). These investigations and present results suggested that the elevation of serum BGP content in ovariectomized rats could be caused by impaired BGP clearance from serum rather than by increased BGP synthesis or mobilization from bone.
It is reported that there is a Gla-containing protein just like BGP in calcified aorta (33). It is not clear that the Gla-containing protein in calcified aorta is the same as BGP. However, BGP in serum may be involved in the ectopic calcification when serum BGP clearance is impaired. These possibilities will be the subject of our future study.
BGP is first discovered in bone and is thought that its biological role is concerned with bone formation from the studies on BGP in bone. However, as shown in the present study, serum BGP content was changed more than bone BGP during aging or castration. To clarify the biological function of BGP, the determination of serum BGP levels in various calcium metabolism would be very informative in future studies.
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